Abstract: A total of 300 stool samples collected from 213 Japanese residents of Egypt were examined microscopically. Among these samples, 39 were judged positive for heterophyid eggs. Sixty seven residents were examined repeatedly. The prevalence of heterophyid eggs revealed by the first examination samples was 8.5% (18/213) whereas that revealed by the second follow-up was 24% (16/67). The interval between the first and second examination was one year in 58 cases and 2 years in 9 cases.
INTRODUCTION
Heterophyid trematodes (Family Heterophyidae) are a common parasite among Japanese people living abroad [1] . Heterophyes heterophyes is distributed in the Nile Delta, while Metagonimus yokogawai is common in the Far East. H. heterophyes (v. Siebold 1852) was first found in the small intestine of an Egyptian child [2] . The proven snail hosts are Perinella conica in the Nile Delta [3] . The second intermediate hosts include Mugil cephalus, other Mugil spp. and Tilapia spp. [4] . A high intensity of human infection was detected among fishermen in an area of Egypt [5] .
The prevalence of heterophyiasis among Japanese residents was 1% in 1996, 3% in 1997, 0% in 1998 and 9% in 1999 but increased sharply to 29% in 2000 [6] . Japanese residents of Egypt were infected by heterophyid parasites without consuming raw fish [7] . Sashimi and sushi are not likely to be the major source of infection. This paper reports the subsequent change in the prevalence of heterophyid infection and its association with the length of stay in Egypt.
SUBJECTS AND METHODS
The Labor Welfare Corporation, a Japanese governmental agency supervised by the Ministry of Labor and Health, conducted a visiting consultation for Japanese workers and their families in developing countries. This visiting consultation included a medical consultation, questionnaire and stool sampling. The consultation was held four times in Cairo, Egypt; 14-19 June 2005 , 14-19 June 2006 , 11-14 July 2007 and 2-6 July 2008 . A total of 300 stool samples were collected from 213 residents at the time of consultation. These samples were fixed with 10% formalin in Cairo and brought to Japan. The fecal samples were processed by the formol-ether concentration technique, and the formol-ether sediments were examined microscopically for parasites [8] . Reports were sent to examinees with positive results advising them to consult a doctor. Questionnaires regarding the length of stay in Egypt were answered by the residents at the time of sampling.
A text database consisting of 300 records related to stool samples was prepared for analysis. Each record contained fields for personal identification, stool data and answers to the questionnaire. The statistical analyses were done by Gawk-3.1.5 on Red Hat Enterprise Linux 5. A flow chart for the selection of study subjects is presented in Figure 1 . Written informed consent regarding the purpose of this study was collected from the participants.
RESULTS

Intestinal parasites among Japanese residents
Heterophyid eggs were detected in 39 of the 300 samples, as well as Giardia intestinalis in 3 samples and Entamoeba coli in one sample.
Prevalence of heterophyid parasites
Heterophyid eggs were detected in 11% of subjects in 2005, 11% in 2006, 15% in 2007 and 14% in 2008 (Table  1 ). The prevalence of heterophyid eggs revealed by the first examination was 8.5% (18/213) whereas that revealed by the second examination was 24% (16/67). There was a statistically significant (p<0.001, χ 2 -test) difference between the two prevalence rates. The interval between the first and second examinations was one year in 58 cases and 2 years in 9 cases.
Association of heterophyid infection with the length of stay
The results of the first examination were selected to provide baseline data on the prevalence of heterophyid infection among Japanese residents of Egypt. Positivity rate in new residents (length of stay < 1 year) was 3% (2/60) as compared to 13% (8/63) among residents staying longer (1 year period of stay < 2 years). The difference between the two rates was of borderline significance (p=0.057).
Conversion of heterophyid infection among new residents
Paired records of new residents were selected to estimate positive conversion rates. Out of 60 records on new residents, 27 residents provided second stool samples (Fig.1) . Table 3 shows that out of 25 new residents who were negative in the first records, only 7 showed heterophyid eggs upon examination of the second samples. Thus, positive conversion was observed in 28% (7/25) of new negative residents (Table 3 ).
DISCUSSION
Prevalence rates of heterophyid infection among Japanese residents of Egypt were 11% in 2005, 11% in 2006, 15% in 2007 and 14% in 2008 . The present study covered 7-8% of Japanese residents registered at Japanese consulates in Egypt [9] .
The study subjects were Japanese residents mainly consisting of Japanese expatriates and their families, or Japanese immigrants. Japanese expatriates usually stay in developing countries for less than 5 years [10] . The study included 33 residents who had stayed more than 5 years in Egypt but among whom positivity was as low as 3%. The other subjects were Japanese expatriates and their families, including a few students. Positivity among new residents staying for less than one year was 3%. This rate was found to increase with the length of stay, that is, 13% among residents in their second year and 11% among residents in their third year.
A positive conversion of 28%, 1-2 years later, was observed among new residents who had been found to be negative in first records. It is evident that Japanese expatriates and their families who stayed more than a year were exposed to a greater risk of heterophyid infection. H. heterophyes begins producing eggs in about 9 days and lives for only a few months to less than a year [11] . It is known that the prevalence of heterophyid metacercariae among Tilapia fish was the highest in summer [12] . Therefore, investigations on seasonal changes in the infection among Japanese residents of Egypt are recommended to make a clearer picture of the situation.
We conclude that the prevalence of heterophyid infection among Japanese residents of Egypt was still high. This study revealed a positive association between the length of stay in Egypt and infection. In other words, Japanese expatriates and their families who stay for more than a year in Egypt are exposed to a greater risk of infection with a positivity rate of 13%. The positivity rate among new residents as well as immigrants was only 3%. 
